What is Influencing Renewable Energy Infrastructure Deployment? A Multi-State Study of U.S. Wind Generation Deployment Efforts by Helwig, Laurence D.
University of Nevada, Las Vegas
Digital Scholarship@UNLV
Graduate Research Symposium (GCUA) Graduate Research Symposium 2012
Apr 23rd, 1:00 PM - 2:15 PM
What is Influencing Renewable Energy
Infrastructure Deployment? A Multi-State Study of
U.S. Wind Generation Deployment Efforts
Laurence D. Helwig
University of Nevada, Las Vegas
This Event is brought to you for free and open access by the Graduate Research (GCUA) at Digital Scholarship@UNLV. It has been accepted for
inclusion in Graduate Research Symposium (GCUA) by an authorized administrator of Digital Scholarship@UNLV. For more information, please
contact digitalscholarship@unlv.edu.
Repository Citation
Laurence D. Helwig, "What is Influencing Renewable Energy Infrastructure Deployment? A Multi-State Study of U.S. Wind
Generation Deployment Efforts" (April 23, 2012). Graduate Research Symposium (GCUA). Paper 3.
http://digitalscholarship.unlv.edu/grad_symposium/2012/April_23/3
Wh t i I fl i R bl E I f t t D l t?a s n uenc ng enewa e nergy n ras ruc ure ep oymen      
Greenspun College of Urban Affairs
A M lti St t St d f U S Wi d G ti D l t Eff t
   
u - a e u y o n enera on ep oymen or s    . .    University of Nevada, Las Vegas    
Laurence D Helwig . 
Ab t t C l iFigure 1. State Renewable Portfolio Standards Figure 4.  Installed Wind Capacity/Potential by States rac onc us ons
Recent research has determined what influences the adoption of 1. At this time state internal determinants are having a greater effect on 
state renewable energy policy instruments At present nearly all of the the deployment of wind generation infrastructure than the effects of    .  ,               
U S states have deployed or have begun to deploy infrastructure that regional diffusion20%. .           
d i f bl Thi lti l U S St t t d
 . > 
er ves energy rom renewa e resources. s mu p e . . a e s u y 10 20%
represents an effort to determine the factors that are influencing wind 2 State internal determinants in particular those that reflect existing
 –
           .   ,       5 - 10%
renewable energy infrastructure deployment efforts in thirty-eight U.S. electrical system infrastructure, (i.e. transmission line miles and total 1 5%
states that have widely varying wind power potential capacities different electricity providers) appear to be having a greater effect on wind
 –
        ,             
capacities of wind generation infrastructure deployed and varying infrastructure deployment levels than the economic political and        
R bl P tf li St d d (RPS) li l Thi t d tili th
     ,   
id l i l f t i t l t h t tenewa e or o o an ar   po cy goa s. s s u y u zes e eo og ca  ac ors n erna  o eac  s a e. 
internal determinants and regional diffusion theoretical models of        Figure 5.  RPS Policy Instrument Goal Stringency by State, (DSIRE)
government policy innovation to determine the ability of each model to 3. States with higher transmission line densities and a grid with more 
explain variation in state renewable infrastructure deployment efforts routing choices and are likely finding it more economically feasible to       .            
The fraction of each state’s total deployed wind energy capacity as a tie remotely located wind farms to their electricity grid and hence            
f ti f it t t l i d t ti l it d th d d t
          , 
th i tunc on o  s o a  w n  po en a  capac y was use  as e epen en  e r cus omers.
S D t b f St t I ti f R bl & Effi i (DSIRE) htt // d i
variable and state economic factors geographic and electric system
ource: a a ase o  a e ncen ves or enewa es  c ency   p: www. s reusa.org
    ,     
factors and political and ideological factors were used as independent 4. It is possible that wind energy infrastructure costs may eventually be > 2 0 % / YR
variables representing internal determinants The effect of regional Data and Methodology driven down by the emergence of an economy of scale if states
 .    
   .                   1.5 – 2.0 % / YR
diffusion was determined by examining the potential wind capacities and continue to deploy increasingly higher generation capacities to meet1 0 1 5 % / YR          
t l d l t l l f i d i f t t i h t t ’ i hb
         
li l B th R l d (2008) d Kl (2008) di t th t
.  – .    
ac ua  ep oymen  eve s o  w n  n ras ruc ure n eac  s a e s ne g or po cy goa s. o  ow an s , an  are , pre c  a  0 5 1 0 % / YR
states Preliminary results indicate that the internal determinants model electricity providers will realize significant cost reductions in wind
.  – .    
.                  Units of Analyses:
was a better predictor of current state renewable energy deployment generation infrastructure in the future.
efforts than the regional diffusion model In particular the density of high     .  ,    - 1 Internal Determinants Analysis – 38 States
voltage transmission lines (circuit miles/square mile) was a very strong 5 The effect of RPS policy instruments and their goals may not be as a
.     
2 R i l Diff i A l i 36 St t (AK d HI l d d)          
di t f t t d l t If thi i th it b
.               
t f t i ti l ti th d l t f t l blH th
. eg ona  us on na ys s –  a es  an   exc u e
pre c or o  s a e ep oymen  success.  s s e case,  may e s rong ac or n s mu a ng e ep oymen  o  ac ua  renewa e ypo eses
necessary for states who wish increase their levels of renewable wind infrastructure If this trend continues it may be necessary for states           .            Dependent Variable:
energy capacity to place a greater focus on the amount of available who wish increase their levels of renewable wind energy capacity to 
transmission infrastructure and factor this into the design of their RPS place a greater focus on the amount of available transmission                     A measure of each state’s installed wind generation infrastructure 1. States with higher GDP, personal income and electricity prices will 
policy instruments infrastructure and factor this knowledge into the design of their RPS
         
ti li d th f ti f l t i d it i f t t have greater success in reaching their renewable capacity potential .            
li i t t
opera ona ze as e rac on o  namep a e w n  capac y n ras ruc ure         .
po cy ns rumen s.installed and operational to the state’s total wind capacity potential The         .  
2 St t ith hi h l ti d iti t i i li d iti
Th ti l F k resulting fraction should ideally be a strong indication of the state’s total 
. a es w  g er popu a on ens es, ransm ss on ne ens es 
eore ca ramewor F t Di ti f R hachieved wind deployment success and with higher generation capacities will have greater success in u ure rec ons or esearc   .              reaching their renewable capacity potential.
I d d t V i bln epen en  ar a es:
According to Berry & Berry (1990), there are two forms of explanation for 3 States with a higher number of energy providers higher commission
the adoption of new programs or state government innovation: Internal 1 The results of this study should stimulate further research that can
.        ,   
t ffi l l t i t RPS l d id l i ll          .            State Internal Determinant Factors s a ng eve s, a more s r ngen   goa  an  are eo og ca y more 
Determinants and Regional Diffusion subsequently lead to the discovery of new factors that are influencingDemocrat will have greater success in reaching their renewable   .            
the deplo ment of rene able energ infrastr ct re in U S states
           
 y   w  y u u   . . . 1. Economic: (GDP, personal income, price of electricity) capacity potential.
Internal Determinants Model 2 Geographic / Electric System: (population density generation capacity   
2 Th f f f t h h ld i t t l l ti iti
.      ,  , 
t i i li d it ) . e ocus o  u ure researc  s ou  rema n on s a e eve  ac v es. ransm ss on- nes ens y  4 States will have greater success in reaching their renewable
Explanatory factors that lead a jurisdiction to innovate are political The lack of a federal renewable portfolio standard will likely mean that3. Political / Ideological: (public utility commission staff, number of regulated providers, 
.           
t ti l if th i i hb i t t i t ll th         ,             RPS instrument stringency years under RPS dominant political party) po en a   e r ne g or ng s a es ns a  e same or more economic or social characteristics internal to the state (Berry & Berry the future deployment of renewable infrastructure in the U.S. will  ,   ,   renewable infrastructure       .   , 
2007)
          
contin e to be primaril dri en b polic instr ments the state le el
 .
. u    y v  y y u    v , State Diffusion Factors (Rabe 2008)  
Results and Findings
, .
  Regional Diffusion Model 1 Bordering state’s installed wind capacity (sum & average)
3 This particular study dealt with only one renewable generation source
.        
2 B d i ’ i l i d i ( & ) .           . or er ng state s potent a  w n  capac ty sum  average
Explanatory factors are mainly intergovernmental and view state -Wind. As more renewable projects roll-out and come online in the3 Fraction of bordering states with higher installed wind capacity        
li d ti l ti f i d ti b th t t
           
United States f t re research sho ld foc s on other rene able
.         
4 Fraction of bordering states with higher potential wind capacity 1. Transmission Line Density (Circuit Miles per Square Mile) was po cy a op on as emu a ons o  prev ous a op ons y o er s a es  , u u   u  u    w  .         
found to be a very strong predictor of the D V(Berry et al 2007) generation sources and regions         . .   ., .    .
Figure 2 Wind Energy Potential by State (U S DOE EERE)
2 Th l i f th ff t f i l diff i i l i
 .      , . . , 
National Interaction Model References. e ana ys s o  e e ec  o  reg ona  us on was nconc us ve   
It i d th t th i ti l i ti t k s assume  a  ere s a na ona  commun ca on ne wor  
among state officials where they freely interact and learn about Table 1. Linear Regression Results for State Internal Factors
A i Wi d E A i ti (AWEA) U S Wi d I d t F th Q t 2011 M k t
          
mer can n  nergy ssoc a on , . . n  n us ry our  uar er  ar e  new programs from their peers, (Berry et al., 2007)
Report (01/2012). Washington, DC: U.S. 
Retrieved from: http://www.awea.org> 1,000 GW   
Regional Diffusion Model
Berry F S & Berry W D (1990) State lottery adoptions as political innovations: An event history500  – 1,000 GW
  
, . .,  , . . .          
l i A i P liti l S i R i 84(2) 395 415250 500 GW ana ys s. mer can o ca  c ence ev ew, , - –  Assumes that states are primarily influenced by states that are
25 – 250 GW
          
Berry, F. S., & Berry, W. D. (2007). Innovation and diffusion models in policy research.
  geographically proximate or direct neighbors, and hypothesizes                
In P Sabatier (Ed ) Theories of the policy process (pp 223-260) Boulder CO:that the probability that a given state will adopt a policy is directly  .  . ,     . . ,  
Westview Press
             
.and positively related to the number of bordering states that have           
l d d t d it (B t l 2007) DSIRE: Database of State Incentives for Renewables & Efficiencya rea y a op e  , erry e  a ., 
Summary Maps – RPS Policies, Retrieved May 10, 2011.Figure 3. Installed Wind Capacity by State, (AWEA)        
Retrieved from: http://www dsireusa org  . .
Kl M T (2008) Ri i h i ki l t Th liti f
R h Q ti
are, . . . s ng powers s r n ng p ane : e new geopo cs o  energy. Table 2 Linear Regression Results for State Diffusion Factorsesearc ues ons New York, NY: Henry Holt and Company. .        
Rabe B (2008) States on steroids: The intergovernmental odyssey of American climate policy, . .          . 
Review of Policy Research 25(2) 105 128   , , - .
> 10,000 MW1 What are the factors influencing present deployment rates of Rowlands, I. H. (2010). Encouraging renewable electricity to promote climate change mitigation. .          
In B. Rabe (Ed.). Greenhouse governance: Addressing climate change in America.2,500 – 10,000 MWrenewable energy infrastructure?           
Washington DC: Brookings Institution Press1 000 2 500 MW
  
,    .,  – ,  
U S D t t f E E Effi i d R bl E (EERE) (2011)
500 – 1,000 MW2 Are these factors internal to the state/region or do they originate from . . epar men  o  nergy, nergy c ency an  enewa e nergy  . .             
th diff i f id ? Wind Powering America, Energy Potential by State. Washington, DC: U.S. e us on o  eas
Retrieved from: http://www.windpoweringamerica.gov  
